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INTRODUCTION

1. At 3-03 am. in the darkness of the early morning of 31st
May 1935, occurred the disastrous earthquake in which there perished
in Quetta about twenty thousand persons. At neighbouring villages
and in Kalat State the loss of life amounted to about seven thousand.
The number of injured probably exceeded these figures. The dotted
line marked 15 on Flate No; 1 shows approximately the 68 miles long
and 16 wide epicenlre of the 1935 earthquake.

2. As is usual in earthquakes the shock was most severe where
there existed pockets of water-bearing alluvial soil. At Quetta Staff
College, which is on a hard dry shingle and clay plain, the shock,
though severe, was not destructive. In the Railway Area, where the
sub-soil water table is only about 5 feet to 15 feet below the surface, the
shock was at its greatest. Practically all railway buildings which were
not of earthquake resisting design or of “pucca” type of construction
were destroyed. Particularly tragic was the fate of neighbouring small
colonies (such as at Sheikhmandah) of European subordinate com-
munities, the life’s savings of whose members were lost.

3. As part of the Railway reconstruction program there has been
installed in the entrance to the new Quetta Station Building a tablet
to the 154 railwaymen and 489 relatives of railwaymen who were
killed in the 1935 earthquake. In addition, one of the three sculptured
stone gables of the old station building was dismantled after the stones
had been numbered, and has been re-erected on a reinforced concrete
frame (with an appropriate tablet) as the entrance porch to the new
Divisional Office.

4. From the following pages will be learned the extent to which
railway buildings to earthquake resisting standards have been pro-
vided in Baluchistan, what measures have been taken to provide by
strengthening and easy exit for the safety of occupants of standing
old buildings, technical details associated with the execution of a
project of this kind, and some recommendations.

5. Throughout the planning and the execution of the project
(a period exceeding four years) tlgle trend of cost has been downward.
In place of elaborate details involving payment at high rates simple
and cheaper substitutes have been devised, modifications have been
made in standard types so as to remove points of weakness, modern
‘methods of concrete control have given strength with economy, .
revisions in contract documents (the consequence of bitter contro-
versies and hard experience) have been introduced as protection
against claims. Recommendations relating to such subjects as these
have been made to the proper authorities, but in order to render this
paper as complete as possible notes on some of them have been
included.
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6. The Quetta earthquake of 1935 is not likely to be the last
which will occur in India, From material available in this and other
papers and in the designs offices at Lahore and elsewhere it should be
possible to produce standard designs of anti-seismic buildings at a
cost very slightly exceeding that of ordinary types, and of equal
comfort. Thus can be avoided the delay and expense of undertaking
from first principles to approved designs on theyoccurrence of every
earthquake entirely fresh sets of designs. Furth:}nore it will become
possible by executing future new constfuction jn seismic areas in
accordance with anti-seismic types, to guard against repetitions of
destruction such as occurred in the Bihar and Quetta earthquakes.
Thus, at a tiifling premium, may be insured the lives and property of
future generations.

R. O. C. THOMSON,
Executive Engineer,

Reconstruction, N. W. Railway,
Quetta.
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Technical Paper No. 307

EARTHQUAKE RECONSTRUCTION ON
QUETTA (RAILWAY) DIVISION, 1936-40

By
R. O. C. THOMSON, Executive Engineer, Reconstruction,

North Western Raiiway.

CHAPTER 1

Inception, Scope and Cost of the Project.

1. The decision of the Government of India to rebuild Quetta
on its existing site is contained in Foreign and Political Department
Resolution No. D.557-Eq./35, dated New Delhi, the 24th Decem-
ber 1935, In the same Circular are contained orders for the formation
of co-ordinating Committees, namely a Central Committee at the
Headquarters of the Government of India, and a Local Committee
at Quetta,

2. On the general subject of the earthquake area of Baluchistan
paragraphs 7 and 8(1) and (2) of the Resolution read as follows—

“7. The view of the Director of the Geological Survey of
India, reinforced by that of experienced engineers, is that earth-
quake-proof construction will be a necessary precaution anywhere
in Baluchistan; and that, if this precaution is adopted, re-
construction in Quetta itself is likely to be just as safe as, if not
safer than, building anywhere else in Baluchistan. The whole of
Baluchistan must be regarded as an earthquake area in which
further shocks may be expected to occur from time to time, but
earthquake shocks in Baluchistan are not due to volcanic activity
and therefore they are unlikely to recur in the same regions.
They are the result of a condition of special strain in the rock
formation of the area; the sudden movement of the rocks under
enormous pressure causes the earthquake; but the movement
itself relieves the stresses to which they have been subjected in
the past and therefore reduces the likelihood of future earth-
quakes in the same place. Past experience shows that the focus of
earthquake activity in Baluchistan has gradually been moving in
a north-westerly direction and the probability therefore is that,
if further serious shocks do occur, their epicentres will not be on
the same line as the earthquake of 31st May 1935.
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The numerous tremors and after-shocks that have occurred
in Quetta since May 31st are the normal accompaniment of
every severe earthquake; and so far from their being regarded as
the precursors of another severe shock, there is good reason to
believe that Quetta is a safer area to build on than any area to the

north or north-west.

8(1) The intensity of the earthquakt in Quetta over a
limited area was extremely high®—highe} than that of the
Bihar earthquake® and yet such earthquake-proof buildings
as there were in that area withstood the shock, while even
ordinary buildings solidly constructed with good mortar were
pot seriously damaged. It was the extremely poor quality of
the building in Quetta City that contributed more than any-
thing else to the magnitude of the disaster.

(2) There is no place in Baluchistan within a radius of
150 miles from Mastung where it would be legitimate to
build in future without taking special precautions against
earthquakes, and the standard of these precautions would
probably have to be the same everywhere in this area.”

3. The Technical Sub-Committee of the Central Quetta Recon-
struction Committee set to work to draw wup a comprehensive
statement of general principles and rules for the design of earthquake-
proof buildings. The seismic factor decided upon following the
1935 earthquake for the design of future buildings was G/8, namely
121 per cent of gravity. These general principles and rules if applied
in full, combined with as high a seismic factor as G/8 (the factor of
G /10 had been adopted for Railway works following the 1931 earth-
quake) result in so high a factor of safety and such excessive cost that
they were modified later. The subject is more fully dealt with in the

chapter on designs.

4, The amounts of the various estimates for railway recon-
struction reflect the variations in the reconstruction policy. The first
estimate (1935) amounting to fifty-four lakhs covered only recon-
struction in the collapsed zone. The next (abstract) estimate (one
hundred and five lakhs), in accordance with which railway recon-
struction work was started early in 1936, was superseded before it had
been formally sanctioned, by a much more comprehensive estimate
which took account of recommendations of the Central Reconstruction
Committee to date, including demolition and reconstruction to earth-
quake standards of all residential accommodation in the “‘blue” (danger)
area whether damaged or not (see area enclosed by pink border in
Plate No. 1). For safety of train working instruments stations on main
lines were included in this category. (See minutes of Technical

* Subsequent investigations indicate that the Bihar quake was the more severe.
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Sub-Committee, dated 4th August 1936). This estimate which
amounted to 143 lakhs, covered not only replacement in the collapsed
and shaken areas, but also the demolition of and the rebuilding to
earthquake resisting standards of all railway standing katcha pe
living quarters throughout the earthquake area of Baluchistan (see
Plate No. 1) as well as all station buildings on main lines (whether
damaged or not) in the danger area, in order to give security to
essential train working instruments.

5. Before this ‘estimate was sanctioned the policy underwent a
further change, the nature of which may be summarized as recon-
struction 1n the collapsed and shaken areas only, in which were included
for strategic and geological reasons, Shelabagh and Chaman (not the
whole Baluchistan earthquake area) and relaxation of the rules relating
to the use of framed structures. A revised statement of costs amount-
ing to Rs. 87} lakhs (since supported by the sanctioned abstract
estimate amounting to Rs. 87,23,300) which was prepared to conform
to the latest policy of retrenchment, provided for reconstruction in
only the collapsed and shaken zones, see Plate No. 2, (in which Sibi is
included) plus Shelabagh and Chaman. Elsewhere in the danger area
safe exit arrangements only were to be provided.

6. Conforming to this policy and making use of every justifiable
source of economy (for details of which see Chapter 9) the final figure
of the project is a saving of about 11 lakhs on the sanctioned estimate,
leaving the probable completion figure as about Rs. 76,00,000.

Apart from expenditure on works such as provision of a modern
sewage and sanitary installation, land acquisition, roads and fences,
strengthening and safe exit arrangements outside the collapsed and
shaken areas, the project has comprised the building to earthquake
resisting standards of 2639 units of quarters (including 1259 in Quetta)
and 106 service buildings (66 in Quetta). These figures are additional
to the 569 units of qudrters (59 in Quetta) and 18 service buildings
(4 in Quetta) which had been built as a result of the Mach earthquake
in 1931 to earthquake resisting design prior to the 1935 earthquake.

It is noteworthy that not only was the N. W. Railway far ahead
of other departments in Baluchistan in anti-seismic construction
before the 1935 disaster, but it has since then undertaken at moderate
cost a most comprehensive program of earthquake protection, and
has been the first to complete it.

* See minutes of the Technical Sub-Committee, dated 18th January 1937, and of
the Central Committee, dated 8th April 1937 and 8th June 1937.



14
CHAPTER 11
The Danger Area—Strengthening and Safe Exit.

7. One of the most difficult problems to be solved in formulating
the policy and framing an estimate for the cost of earthquake recon-
struction on Quetta Railway Division was the extept of the danger area
and the degree of security to be provided in areas outside that affected
by the earthquake of 31st May 1935. The distortioh of the Baluchistan
mountain region caused by the gradual convergence of two deep-seated
and stable masses situated in Central Asia and Peninsular India
respectively, with consequent excessive folding+and occasional violent
rupture giving rise to earthquake shocks, is a well known and widely
accepted theory. It is thus apparent that frequent and severe earth-
quakes are to be expected in Baluchistan.

8. Arising from the 1935 disaster, investigations were made to
ascertain the earthquake danger area, and it was noticed by the
Geological and Survey Departments, that by placing over a map on
which were marked the epicentres of all important Baluchistan earth-
quakes since 1852, a map overlay on which was shown the area of
“negative gravity,”’ a very close agreement between the two areas was
found. The danger area so defined is that enclosed within the shaded
border on Plate No. 1. It will at once be noticed how large a proportion
(actually about 542 miles) of Quetta Railway Division lies within this
area. For convenience there have also been marked on Plate No. 1
the epicentres of the most severe earthquakes known to have occurred
in Baluchistan since 1852, this information having been obtained
from the report on the Quetta earthquake of 31st May 1935, by Mr.
W. D. West, M. A,

9. Interesting explanations of variations in gravity may be found
in the lecture “Geophysics” by Professor O. T. Jones, in Volume 240
of the Minutes of Proceedings of the Institution of Civil Engineers.

For many years a geophysical phenomenon which puzzled
scientists was that the attraction of a mountain (as measured by a
plumb bob) was very much less than that expected from the density
of the material comprising it.

The true explanation of the remarkable behaviour of mountains
was offered by Sir G. B. Airy, the Astronomer Royal. Airy pointed
out that the earth had assumed an almost correct spheroidai’ form,
which was generally believed to be due to its having been at one time
fluid or being now fluid, though having possibly a high degree of
viscidity. In such a case, the strength of the crust was insufficient to
support a great elevation on the surface. He remarked that on any
reasonable assumption as to the thickness of the crust the weight of
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the mountain would break through it, and that since such elevations
do in fact occur, they must somehow be supported from below. He
argued that the support could only be due to a downward projection
below the mountain of the light matter of the crust into a denser
medium on which the crust rested. This conception that 2 mountain
bulges downwards as well as upwards immediately accounted for the
apparent defective mass of the mountain, since the attraction of the
visible mountain was diminished by the smaller attraction of the
invisible bulge in comparisen with that of the denser medium which
had been displaced by the lighter material of the mountain root. This
conception, that the earth’s crust is in a state of balance comparable
with that of ice floes in water, is the principle of isostacy. In spite of
every attempt to account for variations in the values of gravity ano-
malies remain. Areas where the anomalies are large and negative
indicate a defect of mass in the crust below, and such areas would
tend to rise, whereas those which have large positive anomalies would
tend to sink.

10. The variety in types of building to be dealt with in the “safe
exit” zones had made the formulation of a policy extremely difficult.
Not only are the old buildings found to consist of almost every type of
construction, such as brick in lime, stone in lime, brick in mud, stone
in mud, mud brick faced with burnt brick, and plain sun dried brick,
but some consist of combined stations and quarters, many are of

defensible type with steel doors, and the whole are in every conceivable
state of preservation or decay.

11. Before the earthquake of 1935 and subsequent to the earth-
quake of 1931, the Railway had constructed at Quetta some
carthquake resisting menials quarters and five rail~framed earthquake
resisting buildings (one officer’s bungalow and four subordinates’
bungalows) in the railway colony. These buildings withstood
undamaged the disastrous shock of May 1935. In addition, there were
built by the Railway, following upon the earthquakes of 1931 at stations
in the area of Mach (40 miles south of Quetta) and Sharigh (587)
earthquake resisting buildings of rail-framed type with plain brick in
cement panels 41" thick, and light roofs.

12.-From Plate No. 2 it is evident that throughout the entire
542 miles of Quetta Railway Division which falls within the danger
area, provision of security to occupants in one form or another has
been provided by reconstruction to various earthquake standards, by
strengthening, or by provision of safe exit by outward opening doors
and light tied-in verandahs. Strengthening of steel structures such as
tank stagings and Locomotive Sheds has been carried out where
Decessary and also strengthening by rail straps of buildings such as

the station at Babar Kachh and some buildings at stations between
Sibi and Jhatpat.
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13. One of the lessons of the 1935 disaster was the danger to
escaping occupants of being trapped by collapsing verandahs. This
being the case, the policy has been to replace in ‘‘Safe Exit” zones as
far as is reasonably practicable heavy arched type verandahs by some
form of timber or rail-framed structure tied to the main wall of the
building. As regards further security outside the collapsed and shaken
zones all that can be done is the provision, to:every room in which
people work or sleep, of a door or doors opening outwards direct to

the exterior.
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CHAPTER I11

Seismic Factor and Development of Designs.

14. In August 1935 was drawn up by the Technical Sub-
Committee of °the Central Quetta Reconstruction Committee a
statement of general principles and rules on the design of “Earthquake
Proof” buildings. These rules (the portions which are shown in

small type were omi&ted-later, see paragraph 19 below) are reproduced
as Appendix I to this report.

In accordance with paragraph 3a of these rules (withdrawn later)-
by far the greater part of the first two seasons work on the Recon-
struction Project (covering an expenditure of about rupees forty
lakhs) was made in compliance with relatively costly Reinforced
Cement Concrete structural frame specifications. Buildings which
were not of structural frame design were of the type which later became
known as “Heavy Banded,” based on the 1935 New Zealand Model
Building Bye-law. Some of the most marked differences between (a)
the conditions of the latter and (b) those laid down by the Central

Quetta Reconstruction Committee are given below, followed by
comments.

15. Seismic factor.—(a) 0°08 G except in the case of public
buildings, &c., in which case the factoris 0°1 G to 015 G (b) 0125
G in all cases.

The great variation in figures of earthquake intensities (both
observed and calculated), varying effects of soil, &c., make the choice
of a suitable “g factor” a subject upon which there are wide differences
of opinion. There are records of accelerations as high as 14 feet/
Sec. 2, but the reliability of these is questionable. In Japan, Italy and
California, the factor legally laid down is 0°1 G.

Mr. S. L. Kumar (see Punjab Institution of Engineers Paper

No. 165) has classified regions in India under the following four
heads— x

(i) Areas subject to violent earthquakes, comprising certain
parts of Assam, Arakan, Bengal, the area round Kangra
and Mussoorie. .

(it) Areas subject to strong earthquakes, including parts of the
Indo-Gangetic plain at the foot of the hills, and the
extra-peninsular area (i.e., the mountainous région
bordering India to the West, North and East, including
Baluchistan and the hill tracks of Burma).

(iif) Areas of weak earthquake. The southern and south
western parts of the Indo-Gangetic plain and Rajputana.

(iv) Areas of rare earthquakes, including the Deccan Peninsula
and Ceylon,
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To each class Mr. Kumar has allotted, for the purposes of design,
the seismic factors given in the following table.

Values of the seism:ic factor

Class of
building | Areas of violent | Areas of strong | Areas of weak Areas of rare
earthquakes earthquakes earthqitakes earthquakes
A 0-15¢g 0-10g 0°05g Nil.
B 0-10g 0-075g Nil. Nil.

As regards the choice by the Central Quetta Reconstruction
Committee of a seismic factor of 0°125, points worth noting are (1)
that plain brick in cement mortar buildings of small size and
moderately symmetrical shape were undamaged by the disastrous
earthquake of May 1935, although situated in the worst area and (2)
rail framed buildings designed to a seisinic factor of 0°lg with
unreinforced 41" thick brick in 1:3 cement mortar panels up to eight
feet long by six feet high sustained no damage whatever. In the San
Francisco earthquake of 1906 a seismic force of G/3 was computed,
but the statutory design factor is G/10. On page 358 of “Earthquake
Damage and Earthquake Insurance” (Freeman) occurs the foliowing
opinion

“Buildings of substantial construction embouying sound
engineering design will not be destroyed, nor is there likelihood
of their being even seriously damaged by an earthquake of inten-
sity equal to that experienced in San Francisco on 18th April
1906.”

It is therefore reasonable to suggest that for Baluchistan the
seismic factor for design should be taken in future as 0°10 g (=g/10)
and 0°08 g (=g/12}) according to classes of buildings.

16. Structural frames.—See paragraph No. 209 of New
Zealand Standard Model Building By-law.—*“No building for public
meetings shall be constructed otherwise than with a structural frame
of steel or reinforced concrete.”

“Provided that this requirement shall not apply to any such
building which contains no room having a total floor-space exceeding
2,500 square feet in area, and of which the height of any wall does not
exceed 35 feet and provided that such building complies with the
restrictions as to storey height in clause 409 of this bye-law.”



19 No. 307

Paragraph 210(a) of Model Building By-law.—“No room of
which the length or breadth exceeds 30 feet in a building baving a
height of more than one storey which is intended for use as a mental or
other hospital, orphanage, hostel or otherwise for the use as an institu-
tion for young children, aged or infirm persons, or persons subject to
any form of legal detention, shall be constructed otherwise than with a
structural frame of steel or reinforced concrete.”

For comparisou see paragraph 3(a) of Appendix I. The original
rules laid down by the Quetta Earthquake Committee are evidently
much more conservative. It may also be noticed from a study of the
New Zealand rules that some buildings there are permitted four
storeys in height without the use of structural frames. On Quetta
(Railway) Reconstruction works all buildings are of one storey except
the combined Station and Defence Post at Shelabagh, which is a two
storey Reinforced Cement Concrete structural framed type. The
data used in preparing these designs are given in Appendix 2.

17. With the launching of the full program of reconstruction at
Quetta, involving a seven crores program by the Military Engineering
Services, and programs approximating to a crore each by the Civil
and Railway Administrations, marked divergences of opinion became
apparent over the question of materials and methods of construction.
While M. E. S. works were executed almost entirely in reinforced
cement concrete, the reinforce brick school of opinion was vigorously
advocated by the Superintending Engineer (Baluchistan Civil), the
principal advantages over reinforced cement concrete being economy
and better insulation. Between the two extremes came the Railway,
adopting reinforced brick panels and Central Reconstruction Com-
mittee requirements for use of structural frames, seismic factor, &c.,
as well as the “heavy banded” type referred to in paragraph 14 above.
Eventually these differences became less marked, the Military
Engineering Services adopting a design similar to the structural
framed and brick panel type adopted by the Railway, and the Civil
Administration, while adhering to reinforced brick (including vertical
reinforcement) retaining reinforced concrete horizontal bands similar
to those required by the New Zealand By-law.

18. As the excessive factor of safety of buildings designed to
comply with all the desiderata of the Central Reconstruction Com-
mittee requirements gradually came to be recognized, economies were
introduced. Among the first steps undertaken by the local Railway
Engineers was the omission of the reinforced cement concrete
foundation slab or raft in types Q-28 and above. The foundations are
comgletely tied in both the framed and unframed (“banded’) types
by the reinforced cement concrete ribs and lower bands respectively.
The next economy was the substitution of rail framed for reinforced
cement concrete framed verandahs, followed by reduction in depth
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of R. C. C. foundation ribs, and reduction in richness of cement mortar
in plain brickwork from the 1:3 laid down in the “rules” to 1:4% if
hand mixed and 1:6 if machine mixed. Sanction was subsequently
obtained to treat these ratios as nominal mixes, the corresponding
field mixes being 1:3} against 1:3, and 1:54 against 1:45 (no contractor
used machine mixing for mortar). Further economies introduced
were the reduction of the dimensions of R. C. Cifoundation ribs from
12”x24" to 12"x 12", and the increase of spaciimg between pairs of
" horizontal reinforcing rods in brickwerk frorh every sixth course
to every twelfth course in framed buildings, and from every fourth
course to every sixth course in unframed (banded) types.

19. “‘Sound Pucca Specification.””—Not until the middle of
the 1937-8 building season was information received (see minutes of
Central Reconstruction Committee dated 18th January 1937) of any
important change in the Central Reconstruction Committee rules,
the changes being in the form of omissions from the original rules,
see paragraph 14 ante and Appendix I. The most important alteration
was the substitution for the rule which made obligatory the use of
structural frames in certain cases, a classification of buildings into two
categories, the buildings in one of which were to satisfy the seismic
factor of g/8, while the others (small offices, stores workshops, &c.),
were to be built “ to a sound pucca specification of burnt brick in
cement mortar not weaker than 1:6”. Thus, while the majority of
the original Central Reconstruction Committee requirements relating
to the parts of a building being tied together, &c., were retained the
use of structural frames became optional. Further decisions of the
Central Reconstruction Committee laid down districts (i.e., Quetta
and Chaman) where the g/8 standard should apply and others (such
asfﬁKalat and Mastung) where “sound pucca specification” would
suffice.

The revised rules also permitted the use of cement sand mortar
as weak as 1:6 in joints of plain brickwork, but retained the 1:3 pro-
portion for reinforced brickwork. As already mentioned in paragraph
18 above this was treated as a nominal mix, the corresponding field
mix being 1:34.

_Note.—The movement of a particle owing to a seismic wave being simple harmonic
motion and the main destructive force being horizontal, the acceleration (a) can be
calculated if the amplitude and period of vibration are known.

Let t=the period of one vibration (usually between 0°5 and 1°5
seconds)..

Let r=the radius of the circle, or half amplitude of the quake
(usually small, between % and 3/2 inches).
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Let v = the velocity of circular motion.

Let a = tl}e acceleration towards the centre.

Then v~21{—r, and max, a ==—=17r (

Example—
Let amplitude=2"

L&t period =1 Sec.
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CHAPTER IV

Unframed Buildings of the ‘“Banded Type.”’

20. Arising from the modified rules the first necessity was the
preparation of designs to the so called “Sound Pucca Specification”,
it being according to this specification that most of the remaining work
in the Railway program (under the altered rules) would be carried

out.

In a letter No. 275-W /24, dated 15th June 1937, from the General
Manager to the Director, Civil Engineering, Railway Board, was laid
down the North Western Railway interpretation of the ‘cumbrous
phrase “Sound Pucca Specification.” Briefly the interpretation was as
follows—

(i) Cement mortar in preference to lime meortar.—
Although 1:5 was mentioned in this letter 1: 4 hand
mixed continued to be used until sanction was obtained
to treating this as a nominal mix, the corresponding
field mix of 1:5} being thereafter standardized. 1:6
mortar was not used on Railway buildings.

(ii) For flat roofs R. C. C. Slabs.—R. C. C. slabs were largely
used at Sibi, (one of the hottest places on earth) but the
special hollow brick &c., insulation necessitated thereby
rendered them more expensive and no cooler than a
sawn sleeper and mud covering type. Termites are not
a problem at Sibi owing to the drought and excessive
heat, In the cool areas, roofs of C. I. sheets and sawn
sleepers on rail beams or trusses were used.

(iii) Wall thickness to be reduced from 131" to 9” if a
banded type is adopted.—The Railway banded type
was framed on the New Zealand by-law. Thus in the
Railway banded type the height of 9” thick walls has
ordinarily been limited to 10" and there are R. C. bands
at plinth, lintel, and eaves. The New Zealand rules
specify metal bonding at every fourth course of brick-
work and additional bonding below window sills and
above lintels, but do not specify R. C. C. bands at
lintels and eaves such as have been provided in the
railway banded type, compensated by slightly greater
spacing of metal bonding in the walls. In the Railway -
iterpretation of “Sound Pucca Specification” the same
limit of 10" in height for 9” thick walls has in most cases
been adhered to as in the pre-January 1937 banded type,
but metal bonding between courses of brickwork has
been omitted.
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(iv) Reinforced Bands.—In the Railway banded type the
bands were of R.C. C. 131" thick, in accordance with
the New Zealand by-law. In the Railway interpretation
of “Sound Pucca Specification” were included the
plinth band and top (eaves) band (which serves the
additional purpose of an anchor to the roof) in menials
quarters and all three bands, i.e., at eaves, lintel and
floor -in larger buildings. Eventually R. C. C. bands
9" tl-ﬁck for rooms up to 20’ in length and 134" thick
elsewhere) were provided at floor and eaves in all cases
with an intermediate R. C. or R. B. band (two rods &"

diameter in menials quarters) formed by making lintels
reinforcement continuous.

21. Heavy Banded and Light Banded.—It may have been
gathered from the above description that the Railway interpretation of
“Sound Pucca Specification” goes a good deal further in its anti-
seismic characteristics than the name indicates, practically the only
difference frcm banded type buildings built in accordance with the
New Zealand code being the use of lighter (but morej bands, and the
omission of metal bonding between courses of brickwork except in the
case of the reinforced brickwork bands at lintels. For simplicity the
name ‘“heavy banded” has been adopted to describe unframed
metal-bonded buildings built in the early stages of the project and the
name ‘‘light banded’’ to describe the later and more economical type.

22, Future 'Type. for Unframed Buildings.—The “light
banded” type has been checked against a horizontal force of g/8
according to the method described by Cherry in Vol. 236 of the
Minutes of Proceedings of the Institution of Civil Engineers and
found to be much over strength. It can safely be adopted as the basis
of a future type of unframed anti-seismic building for earthquake areas
in India, in which case a specification in the form of a simplification of
that given at Appendix I would be desirable. The new type should
contain some vertical reinforcement to ensure its “box’ character-
istics and to resist possible uplift effects and sudden shocks of the
hammer blow variety even though theoretically unnecessary, All
reinforcement should be so placed as to avoid possibility of fraud by
its omission. This rules out metal bonding between courses. Typical
examples of light banded structures are Yaru Station, menials quarters
in a cool area (Kolpur), and Subordinates’ quarters in a hot area (Sibj,
drawings of which accompany this report, see Plates Nos. 3, 4 and 5).
In hot areas the height of rooms is from one to two feet greater than
that of corresponding cool area types and the room areas are greater.

————— e e



Rail strapping to a station building (there are tie-bars through
the building to rail straps at back.)

AN i 2
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] A “Light Banded” type of anti-seismic building.
Note.—Asbestos cement chimneys and light rail framed verandah and light roof.
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CHAPTER V
Structural Framed Buildings

23. With the relaxation afforded in 1937 by the omission of the
rule making sttuctural frames obligatory in certain cases this type of
structure was thereafter confined so far as the Railway was concerned
to large buildings or«in the case of steel frames) to buildings designed
to use up salvaged material. In the former category are the Divisional
Office, the Railway Btation; the Intermediate and Third Class Waiting
Hall, and Officers Bungalows. Information of the relaxation not having
been received until June 1937 (by which time work on the 1937
season’s program was too far advanced to be radically changed) all

permanent quarters for staff drawing Rs. 65 p. m. and above at Quetta
are of the framed type.

24. Length of units.—As regards menials quarters it was found
more economical to build structural framed blocks containing a dozen
or so units than to use the banded type limited as it then was to blocks
of four units by the 800 square feet rule (see item 3(a), Appendix 1).
The multi unit blocks so built violate to some extent the anti-seismic
principle of length not greatly exceeding breadth, but this defect is
amply covered by the high factor of safety in the R. C. framed type.

The largest number of units built in one block was 14 menials
quarters giving an unbroken length of about 150 feet and a breadth of
about 18 feet. In this case a vertical crack occurred in a horizontal
member about midway in the block, evidently a shrinkage crack.

Assistant Divisional Officer’s Bungalow at Quetta.



0-32 Type Quarters for Senior Subordinates.

The next longest single block is a length of approximately 102 feet
in the Station Building (breadth 32 feet). Not in this or in any other
long monolithic R. C. frame forming a separate block in a large build-
ing have cracks occurred. Plate No 7 shows the position of planes of
weakness (“‘crumple sections”) introduced in large buildings for
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anti-seismic and anti-shrinkage and temperature effect reasons. At
these points there is a space of about seven inches between the end
frames of the blocks into which the building is thus separated, a
distance which is sufficient in single storey buildings to prevent mutual
battering in a severe earthquake. These breaks are masked inside and
out by light material such as asbestos cement sheets.

Based on a maximum unbroken length of 100 feet the greatest
number of menials quarters which could be built in one block is nine.

25. Design data.—The work of designing buildings in com-
- pliance with the Central Quetta Reconstruction Committee rules was
undertaken by Mr. G. C. Trehan. Preliminary calculations having
shown Reinforced Cement Concrete to be cheaper than concrete
encased steel beams the latter were not further considered except for
utilizing salvaged material. The data then adopted, together with
modifications made later to conform to the I.S.R. Code of Practice
for structural steel work, and a note on fixing assumptions for columns
is given in Appendix 2.

Calculations were complicated in cases where rigid R. C. verandah
frames were used (see item 7, Appendix 2). This difficulty was solved
by the use of rail framed verandahs which reacted to seismic forces
independently of the main building. This design (see Plate No. 13)
being neat, inexpensive and workmanlike, became standard. A design

of typical of R.C. C. framed type is that of an Assistant Officer’s
bungalow shown at Plate No. 9.

Quetta Station Building in course of construction.
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~ Diwisional Office, Quetta, in course of construction.
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CHAPTER VI

Proportioning Concrete and Economies in use of Cement

26. Up-to-date methods for obtaining economical and high
strength cement concrete were introduced as a result of the initiative
of Mr. E. Catley.

Owing to the unavoidable delay in letting contracts for the 1936
program and to the novelty to most contractors of grading aggregates
it was necessary to arrange for the supply of aggregates apart from
the main reconstruction contract. Early specifications for grading
were not satisfactory, with the result that fine sand had to be imported
from Saranan for mixing with the local supply of fine aggregate. The
problem of testing concrete was first met by sending compression test
cubes to the M. E. S. laboratory. The results varied considerably and
showed that the concrete was more often than not, very much over
strength.

27. Use of graded aggregates.—Late in 1936, samples of
aggregates were collected from various sources in Quetta and sieve
analysed. The results of these tests were most satisfactory and proved
that the grading of natural aggregates obtainable from torrent beds in
the vicinity of Quetta was approximately the same as that laid down in
the I. R. S. Code of Practice for R. C. This led to the adoption of new
specifications for aggregates to be supplied for 1937 and the succeed-
ing years of reconstruction.

Thus was proved at the outset to be non-existent one of the main
supposed drawbacks to the use of graded aggregates, namely, the
necessity of screening to all the intermediate gauge sizes. Naturally-
graded aggregates proved after search and analysis to be available in
abundance. ¥or grading specification see Appendix 4.

28. Meanwhile the necessity for a Railway laboratory arose, and
before the end ot 1936, apparatus for the sieve analysis of aggregates
and for the testing of cement and cement mortar had been provided.
The difficulty of testing concrete was solved by adopting the Bundi
Beam Test (Appendix 3) obtained from the Concrete Association of
India. Early in 1937 concrete mixes were designed on the Fineness
Modulus Method and based on the water cement ratio adopted from
“Modern Methods of Concrete Making” by A. E. Winn, B. sc., A.M.,
AM. 80C., C.E, and Ewart S. Andres, B. sc., M.L.C.E., Appendix B (see
also “Controlled Concretes” Technical Paper No. 291 by A. W.
Cripps Villiers).
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The aggregates uséd were according to the Specification attached
as Appendix 4 and the combined fineness moduli for concrete were
taken as—

5°4 to 5V for 11" concrete (Plain).
5°2 to 5°5 for 2" concrete (ordinary R.C.)

4'4 to 4°6 for 3" concrete (R.C.C. for columns and thin
Sections). ’

29. For plain conerete for use in foundations a start was made
with eight gallons of water per cubic foot (90 Ib.) of cement and this
was gradually increased to 11 gallons per cubic foot. The resultant
decrease in equivalent cylinder strengths per square inch at seven
days was from 2,360 1b. to 1,160 1b. and at 28 days from 4,078 1b. to
3,480 1b. The minimum cylinder strength required was fixed at 900 1b.
per square inch at seven days. The average proportions for plain

concrete with 11" coarse aggregate and coarse sand, poured in 1937
WEre—

Real Mix ..o 112
Nominal Mix .. 1:44:94.
Field Mix .o 142011
Slump .. 0"-27

For Reinforced Concrete a start was made with seven gallons of
water per cubic foot (90 Ib.) of cement and this gradually increased to
eight gallons per cubic foot. The resultant decrease in equivalent
cylinder strength per square inch at seven days was from 4,500 1b. to
2,500 1b. and at 28 days trom 5,970 1b. to 3,840 1b. The minimum
seven days cylinder strength for 1:2:4 nominal mix ordinary grade
concrete is 1,200 Ib. per square inch as given in Table 1 on page 7 of
the I.R. S. Code. The average proportions for concrete with 3”

coarse aggregate and coarse sand poured in 1937 for normal sections,
were—

Real Mix sw 13703
Nominal Mix .. 1:2}:44%.
Field Mix .. 1:23:61.
Slump .. 2"to 4"

(2" notified to contractors).
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The average proportion for concrete with " toarse aggregate and
fine sand poured in 1937 for columns and thin sections were—

Real Mix o 156722,

Nominal Mix .. 1:25:4%.
Field Mix .. 1:22:53.
Slump .. 4"to6"

(2" notified to contractors).

Minimum cylinder
strength at 7
days .. 1,200 Ib.

Minimum cylinder
strength at 28
days .. 1,800 1b.

The quantities of water given above include those contained in
the fine aggregate (Coarse aggregate was always found to be dry).
Frequent weighment tests were made to ascertain the water content of
“Sand,” the resultant quantities being deducted from those given
above for arriving at the amount of water to be added to the “dry”

mix.

The old haphazard proportions for the three kinds of concrete
used were 1:3:6, 1:2:4 and 1:12:31 respectively. The resulting econo-
mies in cement, obtained by designing the mixes according to the
method described and adopting modern methods, are 30 per cent
approximately. For method of tabulating the test results, see Plate
No. 12 and Appendix 3.

30. At the commencement of the 1937 season, mixes were
designed in accordance with the detailed instructions at Appendix 5,
for every new supply of aggregate, and included—

Sieve analyses,
Bulking, and
Shrinkage Factor.

Later, owing to absence of rain and the consequent dryness of
the aggregates, tests for bulking and shrinkage factor were to some
extent dispensed with as these were found to be—

Bulking for sand -. 12°5 per cent (dry) to 35 per cent
(damp).

Bulking for aggregate .. 140 per cent to 20 per cent.
Shrinkagefactor -+ 85 per cent to 90 per cent.
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Sieve analysis has Been carried out on all samples, firstly to ensure
that the materials were supplied in accordance with the specification
and secondly for proportioning by the formula—(see Appendix 5).

M,—
=M _,11\\//[[ X 100 =percentage of sand.

31. Mortar tests.—Concrete and mortar were tested daily on
every work to ensure that the requisite strengths were maintained.
For standard mortar of sand’ and cement, briquettes were made from
the mortar as used by the masons on the work and these were broken
at seven days and 28 days. For the standard nominal mix of 1:4}
(field mix—=1:5°4) the required 28 days tensile strength was taken as
400 Ib. to 600 1b./sq. inch, and it was found from the average of several
hundred routine tensile works tests of mortar briquettes that—

(i) Strength was within the required limits in 89°89 per cent.
(i) Strength above normal—7°32 per cent.
(iii) Strength below normal—S5 56 per cent.

The lowest recorded figure was 276 lb./in.2 for mortar used in a
boundary wall, a figure which is, however, far in excess of that used in
design.

32. Concrete tests.—For the concrete tests six test beams were
cast in the presence of the subordinate in change (for every mix) for
every day’s concreting on each job and of these, three were broken at
seven days and three at 28 days. The beams were broken by loading
them with a tank which was gradually filled with water.

The apparatus in the Reconstruction laboratory included a
briquette tensile testing machine, a set of standard sieves, two balance
scales with weights, a “Vicat” apparatus for cement, and three tanks,
all provided for less than Rs. 2,000. The extra staff included one
S. I. W. and five Khalasis, the cost of which is about Rs. 150 per
mensem.

33. Conclusions.—The main conclusions reached in Quetta
are—

(i) Water must be rigidly controlled and checked by frequent
“slump” tests.

(ii) Good grading of aggregates is a potential source of great
economies in cement. The cost of grading is not high.
In the case of natural aggregates, deposits are usually
found to contain the requisite grading. The same
applies to crushed aggregates, little screening being
required in either case.
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iii) I r not to remove all the fin€ content in sand, wash.

) Inir?;d&f ordered) must be carried out with caution. Test
results show that it is not necessary that aggregates
should be absolutely clean. The figures given in the
I. R. S. Code of Practice are as follows—

(1) Silt removable on decantation not to exceed
. three per cent.

(2) In fine aggregate the maximum passing a 100
sieve—five per cent.

(3) Field test. Silt, loam and clay not to exceed six
per cent. -

On Quetta Reconstruction, mortar tests having shown:
that a moderate excess of clean clay silt did not affect
the strength, while insistence on the Code of Practice
percentages led to excessive cost in obtaining sand, six
per cent silt was permitted.

(iv) Machine mixing is essential if high grade standards are to
be applied. Excellent machines are available at small
cost, and the extra cost of machine mixing is negligible.

(v) To deal with the habit of workmen and others of applying
plaster to conceal defective concrete, plaster on concrete
was forbidden. Standing orders were that no concrete
was to be touched until it had been inspected by an
Assistant Engineer after removal of the forms. Evi-
dences of sound concrete are visible marks of forms on
the completed work, unsightly though these may some-
times be. It was not until contractors were made to pay
the penalty of destruction and replacement at their cost
of concrete which had been “touched up”’ before being
inspected and passed by the Assistant Engineer that
they took the trouble to rod and work concrete properly.

(vi) Far weaker mixes than are normally specified can safely
Eeldusegi. For fplax(ril co;llcrete in foundations a 1:9:16
eld mix was found to have a 28 ¢ i gth

of 900 1b. per square inch. : s cplinGer gtreng

(vii) Brief experience with modern methods of proportioning
concrete is sufficient to prove that the extra strength
obtained by the use of high grade and special grade
concretes more than counter-balances the extra cost of
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Small portable mixer.
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graded aggregates and testing. Or‘l‘ Quetta Reconstruc-
fon the work was not carried out “under the immediate
and continuous supervision of a gazetted _ofﬁcer,” but
under the alternative conditions laid down in paragraph
9(c)(ii), page 4 of the I. R. S. Code of ‘Practice, namely,
“where the work is carried out mn an organized depot
under the general supervision of" an officer the conti-
nuous supervision need only be exercised by a qualified

subordinate.”

34. Cessation of practice of issuing free cement and steel.—
Under the North Western Railway system of free issue of cement and
reinforcing steel to contractors there are open two sources of fraud,
firstly the drawing of excess quantities and fraudulent disposal thereof
(including cut ends of steel rods), and secondly starving the concrete
of cement and fraudulent disposal of the balance. Alternatively,
grossly extravagant mixtures calculated on nominal mixes are used.
If cement and steel from railway stocks were issued to contractors
and the cost recovered at a fixed figure in excess of market rates the
second of these two sources of fraudulent disposal would alone remain,

and this can be met by strength tests.

In the course of Quetta Reconstruction many rates (prices) for
reinforced concrete have been derived. The excessively high rates
obtained in 1936 before contractors settled down to do the work
economically have been discarded and new sets of rates for all labour
and material in reinforced concrete of structural framed buildings
have been obtained for incorporation in the North Western Railway
Schedule of Rates. Schedule items should, however, include rates for
separate supply of graded aggregates, experience having shown that it
is usually necessary to centralize supply of these. If cement and steel
are to be provided from railway stocks the cost to be recovered from
contractors (which should be stated in the tender document) should
(for obvious reasons) be slightly higher than public market rates, the
cost of works being credited with the difference between the amount
galc;(;\éered and the lower cost to the railway owing to lower transport

€s, )

35. Quantities of Cement required in various mixes of
?oncrete and mortar.—Whatever be the system of providing cement
or works it is of great importance that both estimating and supervising
staff should know the quantities of cement actually required for various
proplc;rtlons of concrete or mortar as specified for the work. These
cin he cal%ulated from the figures of real or field mixes or read from
ﬁi ap1 ; such as those on pages 34, 35 of “Controlled Concrete”’ (Tech-
cal Paper No. 291). Based on a one hundredweight bag of cement
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containing 110 1b. (2 Ib. for the sack), and weighing 90 1b. a cubic foot,

the following are typical figures for graded sand and aggregates of 14"
maximum size downwards.

Cement required foE' 100 cubic feet of finished concrete—

Real mix 1:5°1 to 1:5°5,
Nominal mix . .. 1:2:4.
Field mix 1:21:43
s 1:2§:44

Cement required.. 14 bags. (3" aggregate).
Real mix e. 1:7°65t01:7°8
Nominal mix 1:3:6
Field mix .. 1:337

1:4:
Cement required.. 10 bags. (11" aggregate).
Real mix 1:10°2 t0 1:10°5
Nominal mix .. 1:4:8
Field mix . .. 1:44:9 ‘¥

1:51:9

N

J
Cement required.. 7°5 bags. (11" aggregate).

The above figures which are based on quantities actually used in
controlled works correspond to the bulking and shrinkage factors
given at paragraph 30 ante. They are approximate to the extent that
these factors vary for different aggregates and water contents.

On Quetta Reconstruction the system was introduced of applying
the principles of bulking percentages to sand-cement mortars as well
as to concrete. It is obvious that with moist sand “bulking” by as
much as 35 per cent, there may be gross extravagance in applying the
nominal proportions to field mixes. In the following example the
quantities of cement are those necessary to give the requisite pro-
portions on the reduced dry-rodded volume of sand and it is to these
field mix ratios that mortars should be mixed. The following figures
which are based on actual works will be found useful.

Cement required for 25 c. ft. of Mortar in 100 c. ft. of

Brick Masonry
Nominal mix. Corresponding field mix. Bags of cement required for
(bulking taken as 20 per cent) | mortar in 100 c. ft. of masonry
1:3 1:3°6 6
1:44 1:5°4 4
1:5 1:6 33
1:6 1:7°2 34
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obtained from mortar mixed to the above “field
mix”T ;iisstrir;%t‘}:rs control of water and of fineness modulus, &c., of
sand greatly exceed the strengths allowed in design (vide paragraph
31) and give a saving in cement of 17 per cent to 20 per cent.

36. Effect of curing time on strength.—The period laid
down in the I. R. S. Code of Practice is 28 days. Experiments were
made on the effects of curing for much shorter periods, the test beam,
which was only 34"x2§" in section, being exposed to the sun in

September.

S

glislzltigal;{niilh" é'ZS%Z”: 5'1 Cylinder strength Cylinder strength
Real mjx.=1:5"8 after 7 days after 28 days
Water=7 gallons per C. ft. of cement

Required strength o v ¢ 1200 1800—3600

7 days curing .. . .. 1692

7 5 ,, and 21 daysin hot sun A 2588

14 Ty 55 1% 5 51 &y 14 5o won 2700
21, " w 1 » o e sema 2588
2y m owm 0w m owm we e 2773

The conclusion is that 14 days curing is sufficient for slabs and
small structural members, and that for large section members the
curing time could be further reduced.

37. Effect of pouring large roof Slabs in 2 continuous
operation without contraction joints.—The slabs were four inches
thick, reinforced with 3" diameter rods at 5” centres and 1" diameter
distributing rods at 12" centres, cast integral with T beams at 9'-4"
centres, The nominal mix was 1:2: 4 (field mix 1:24: 43, using 14
bags of cement for 100 cubic feet of concrete).

_The largest slab so poured measured 36'-6”x101’-5". After
curing for 28 days it was allowed to dry out for about a month and a
half in the intense heat of the direct rays of the sun at Sibi, after which
it was covered with the hollow bricks and clay of the roof insulating
material. No cracks became visible at any time and though the roof
was later saturated by heavy rain which penetrated and washed away

the clay covering, no leaks occurred in this or in any of the dozen or
so similar roofs,
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38. Experiments ‘on the protection of cement concrete
from sulphate concentrations.—The portion of buildings subject
to concentrations of destructive salts is only that near the ground, in

the case of Earthquake resisting buildings up to and including the
lower band or rib according to type.

Aluminous cement.—Aluminous cement is immune from
attack by magnesium salts and sulphates but it is between two and

three times as costly’as Portland cement. A less costly preventative is
desirable.

Pozzolanas.—When Portland cement sets, free lime is liberated.
Pozzolanas are calcined materials such as volcanic ashes, blast furnace
slag, burnt clay or bricks, &c., which, combined with this lime, pro-
duce a concrete better able to resist the action of many destructive
agencies. An obvious ‘pozzolana’ (this was used on the Sennar Dam)
to use in India is finely pulverized well burnt brick, or “‘surkhi.”

The tests were made after immersing (after seven days curing)
briquettes made with different puzzolana contents in a concentrated
liquor obtained by dissolving soil encrustations in water, and compar-
ing the tensile test results with those obtained from briquettes cured
for a similar time (12 weeks) in clean water.

Proportion by weight of
ingredients of briquettes Percentage strength of briquettes cured in sulphate
liquor compared with strength of those cured in clean
Cement | Surkhi | Sand water
1 03 27 21 per cent
1 06 24 29 per cent

The loss in strength in such a severe test as this was of course
enormous (cement being soluble in the solution) but there is a clear
gain by substitution of a proportion of the sand by “surkhi.”

On Quetta Reconstruction foundation masonry of buildings in
the sulphate soil near the railway station was made of hard limestone
and (as a result of the experiments) surkhi was mixed in the ratio
1:0°6: 2°4 in the mortar of the stone masonry below the lower con-
crete band. In the lower band itself two inches was the minimum
concrete cover allowed over the steel on the outside of the building.
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39. General note on the use of Concrete.—Although concrete
is an excellent building material, both strong and (under proper
control) economical, it must be borne in I_nind that it is a bad materig]
for protection against heat or cold. This does not debar its use in
foundations, but in super-structures it should be used with caution,
and if used for roofs special care is necessary to ensure that it is water-
proof and that it is insulated against extremes 6f temperatue. For an
example of heat insulation of R. C. C. slab roofs in Sibi (than which
probably no hotter station exists in India) see pa;ragraph 5.
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CHAPTER VII

Semi-Permanent Types

40. In addition to permanent types of buildings a ‘“‘semi-
permanent’ type was evolved. Under the rules laid down in the State
Railway Code, railwhy staff are not necessarily provided by the
Administration with railway quarters, but those whom it is essential
to house near their work (essential staff), and in any case where local
enterprise does not’ provide the necessary facilities, railway quarters
may be provided, even for ‘“non-essential” staff, i.e., those whom it is
not essential to house near the site of their work.

41. In accordance with this policy a so called “‘semi-permanent”
type of dwelling has been evolved for non-essential staff resident at
Quetta. At out-stations (where there are practically no facilities for
housing by local enterprise) accommodation has had to be provided
by the railway for all staff, permanent for permanent employees and
semi-permanent for others, such as extra fruit traffic staff. For menials
at out-stations, and for wayside gangmen (whose residence in railway
quarters is very difficult to enforce) provision has been made at a
nominal ratio of 67 per cent, the actual ratio of units of quarters to
numbers of menials for all out-stations being for various reasons a
good deal higher than this figure. At Quetta itself the provision of
menials quarters is about 100 per cent, of which about 15 per cent are
semi-permanent.

42. Drawings of a semi-permanent type of quarters consisting of
old rails and unserviceable sleepers for cool areas are at Plate No. 6.
In place of the normal procedure in sleeper quarters construction of
burying one end of the sleeper walls in the ground and so losing some
much needed height, a simple trough foundation is made, consisting
of a base obtained by sawing ten inch by five inch sleepers into five
inch by five inch sections and bolting to each side of the base, pairs
of timbers obtained by sawing sleepers into pairs of 10" X 21" planks.
The trough so formed is laid on a brick plinth nine inches above
ground level and into it are bolted the ends of the vertical sleepers.
All the trough timbers and the lower ends of the vertical sleepers
are immersed in hot tar after cutting, and before bolting together.
It will be noticed that by this method of cutting there is no waste
except the thickness of the saw cut.

43. An essential feature of earthquake-resisting design is the tying
of the roof to the walls. To achieve this result, to the rail beams on
which the roof is carried are bolted on each side of the web robust
wooden strips, the half-sawn sleeper roof planks being securely nailed
to these strips at one end, and to the wall runners (themselves bolted
to the wall sleeper ends) at the other end. These, the diagonal bracing,
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and the metal corner straps, practically convert the building into a
box. By using bolts the building 1s made portable. Thus the officers’
semi-permanent huts, replaced by permanent quarters, have been dis-
mantled and re-erected in replacement of unsafe masonry rest-housgs,
&c. Similarly, surplus menials temporary .quarters have been dis-
mantled and re-erected as out-houses.

To guard against fire risk, the kitchens are built in brick, and
flue pipes (if of metal) are taken through the roof in a gland consist-
ing of asbestos rope wrapping and a four inch wide annulus of
clay between asbestos cement discs. For the standard flue pipe of
asbestos cement no insulation is necessary.

44. For waterproofing and insulating the sawn sleepers of the
roof many experiments, involving tarred fabric and tarred mud, were
made and all were abandoned in favour of corrugated iron in cool
areas and rammed mud in hot areas. For plugging cracks between
wall sleepers the most satisfactory method was found to be by plugging
with clay and then nailing 1“ thick wooden strips along the joints on
the outer side of walls. An adaptation of the semi-permanent type is
that shown in Plate No. 8, where a masonry sub-wall gives the addi-
tional headroom necessary in hot areas. A further amenity provided
in the hot area S. P. type is an increase in the area of the main room
from 100 square feet to 120 square feet. Although semi-permanent
quarters cost only about two-thirds of the cost of permanent quarters
they are so sought after that in regions of excessive heat such as that
between Sibi and Jacobabad there is competition for their allotment.

45, The semi-permanent type (of which over 500 have been built)
has proved very successful. It is cheap (Rs. 2-4-0 per square foot for
cool area menials type, and Rs. 3 per square foot for hot areas type) cool
in hot weather and warm in cold weather. If no longer required at one
site it can (owing to the use wherever possible of bolts in place of nails)
be dismantled and re-erected elsewhere with practically no wastage
except the loss of the plinth, and when it finally decays the materials
serve for firewood. Termites not being a serious problem in either the
cool or hot regions on Quetta Division the life of semi-permanent
buildings has been taken as about 25 years, a conservative figure. With
23} feet_hlghf n;asonry in Iimeft or cement mortar sub-walls and full
immersion of sleepers in tar after cutting, the type is sui
thoughout the North Western Railway sgystem.ty e 1s suitable for use
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A completed semi-permanent officers hut at Quetta.



Detail of half hollow brick and mud insulation over R. C. C. slab roofs at Sibi.

1" thick mud plaster. :

4" thick rammed mud.

1" thick mud plaster.

Half-hollow bricks laid dry.

Half-hollow bricks in parapet (closed with wire gauze).
4" thick R. C. C. slab on T beams.
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CHAPTER VIII

Modern Sanitary Installation

46. Justification of .the Quetta Scheme.—Before the 1935
Earthquake the system of drainage and sewage disposal was by trench-
ing, incineration and sullage carts. From calculations made by the
specialist attached to the Local Quetta Reconstruction Committee, it
was found that modern sanitary installation would be financially
justifiable. Sullage Water has been included in the scheme so that it
may help to flush out the drains, but storm water has been excluded.

47. The calculations of the sizes of pipes have been made on the
assumption that all tap water supplied will enter the drainage system.
The consumption of water per head per day in the Railway Colony at
Quetta has been taken as 40 gallons for officers and 25 gallons for
subordinates and menials. The sewers are designed to flow half to two-
third full. This affords a reasonable factor of safety to provide against
extentions to the scheme.

48. Samples of sub-soil water were examined in the Government
Food Laboratory at Kasauli and the results showed presence of
sulphates. The use of Portland cement concrete pipes in the saturated
area was, therefore, ruled out, being susceptible to attack by sulphate
and other salts Secondly, the areas suffering the greatest damage in
the 1935 Earthquake are liable to the greatest amplitude owing to the
high level of sub-soil water and the lower resistance of the soil. Pipes
in the saturated area should, therefore, be more able to resist ground
movements than those in the dry stony soil.

From the very limited literature on the subject the pipe lines in
the order of immunity from seismic forces are—

(1) Steel

(i) Cast iron
(iif) Concrete
(iv) Earthenware.

Furthermore, there is ample proof that cement is attacked by
sewer fluids and gases. Cement concrete is, therefore, an unsuitable
material for sewers.

Taking all the above considerations in view as well as the avail-
ability of second-hand 4", 5", 6", 7", 8" C.1. pipes on the railway,
these have been used at a rate cheaper than any of the alternatives.
Thus surplus railway second-hand stocks were used up after scraping,
cleaning and painting inside and out with bitumastic solution.
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49. All C. 1. pipes used are spigot and socket. The joints have
been made with molten lead except in some difficult positions in
water-logged ground where lead yarn was used. Molten lead was

found  preferable for jointing d—-d
C.1. pipes, being cheaper and more :

satisfactory than lead yarn. To M
make the joint, rope yarn is first ——
forced inside up to a depth of one- ROPE YARN—( 3

third of the actual length of the LEAD
joint. Molten lead is run in
through a clay mould made at the
face of each joint. On breaking the
mould lead 1s beaten home with a
caulking tool inside and flush with the face of the joint.

S5-0—*L-C.G.). SHEETING

In water-logged

ground pipes have been Z TR TE T TR
embedded on a layer of
four inch plain cement v;!::?s:’: l.f;cm‘muss
concrete 1:4:8. A typi- ‘ < TioN
cal section of pipe ~ WORDEN BOLLIES
trench showing strutt- ks
ing and shoring of . ETAL HOOKS
sides is shown in the - S
sketch.
4.0
WOODEM SCANTLINGS
‘e
=\ Ny €.61. SHEETINGS
IBRICK BALLAST— s ¥ ¢.G.BED UNDER
PIPE

3 BRILK BATS

50. The slope of the sewers in the required directions being too

flat (1 in 250 to 1 in 380) to permit qself—cleansing gradier%cs a
flushing tank has been provided at the head of the main sewers. The
branches have been designed with a flattest slope of 1 in 80 which
}glwes a self-cleansing velocity in a four inch diameter pipe. All sewers
baYIe been ventilated by vertical vent pipes fixed on the outer walls of
uildings. Where there are no suitable structures in close proximity
separate vent pipes held by wire guys have been installed. ’
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5L The internal sanitary fittings have been roughly divided
in three _scales,' viz., (i) oﬁi_cers’, (ii) subordinates, (iii) menials, except
for special buildings. Assistant and Divisional Officers are given a

long bath and a closet in one room and also a separate closet and bath-
room, as well a§ modern hot water installation on an economic scale.

Subordinates quarters with courtyards have been fitted with
two closets (one European and one Indian) to suit the occupants of
both nationalities. The merial staff have been provided with group
latrines containing Indian type of closets both for males and females.
Trough type latrines were found in addition to other disadvantages
to be extfavagant in water consumption except in units of 8 seats
and over. Consequently individual flushing has been used.

For the purpose of determining the number of seats required,
an average menials’ family has been taken as two adults (one male
and one female) with two children taken equivalent to one adult. A
latrine seat has been provided for each 20 adults on the above basis.

Where required for disposal
of mnight-soil collected from
open latrines and “‘dry system”
closets provided for all semi-
permanent quarters and types
Q. 27 and Q. 26-A pucca
quarters, an additional seat
has been installed in the
group latrines to provide a
dumping pit. (See sketch).

Stone traps are provided at
all group latrines. The dis-
tance apart of manholes (200")
is within the length covered
by practicable lengths of rod-
ding, namely, 100" to 110', a
very important point in view
of gross misuse of the sewer
System.
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trines the maximum nurhber of seats has been
’caken5 ;s 8F(‘1?rrx gxll.glclzgsclzalﬂ).All railway latrines, therefore, are individual
flushing, each provided with 3 gallon flushing tanks.

i tvpes of closets available in the market were thoroughly
inveslt)igggngyy?he Chief Medical Officer of the Railway, who made
the following selections to give maximum seryice and convenience
at minimum cost. Twyfords (English make) fittings were found sup-
erior to Indian manufacture at very little difference in cost.

1. For superior bungalows and quarters—

(a) Twyfords Civic .. European type closet (cost Rs. 45
‘with seat).
(b) ,,  Uriclose .. Indian type closet inside Bunga-

lows (cost Rs. 49).

(bt) ,,  Calcutta .. Indian type closet for latrines
located in courtyards of pucca quarters (cost
Rs. 20). :

2. For menial staff—

(c) Twyfords Orissa for use of females (cost Rs. 50).
,»  Uriclose for use of males (cost Rs. 49).

53. Disposal of sewage.—The Railway sewers connect up to
the Quetta main sewerage disposal works (under the direction of the
M.E. S.) a contribution to the capital cost and maintenance of which
is made by the Railway. The Railway population served by sewerage
scheme is about 2,130 adults and 1,380 children.

54. Tenders for the railway sanitation works were called from
contractors technically qualified for executing this type of work against
bills of quantities, specifications and schedule of rates separately for
sewers and sanitary installation respectively. On working out the
totals in the bills of quantities at the rates tendered by individual
contractors the various tenders could be compared. Detailed estimates
were then framed at the accepted tendered rates as follows—

Without With -
contingencies. contingencies.
Rs. Rs.
(i) Construction of sewers .. 1,92,109 2,01,714
(i) Internal sanitary fittings .. 1,87,853 1,97,246
(iii) Staff latrines .. .. 15,681 16,465

55. Modern Sanitaxry Installation at Sibi.—There is no
sewg:ragg sc}'u;lm% thlbL 'The Running Rooms have, however, been
equipped with flush system fittings and the se is di f
through septic tanks as shown in Pglrate No. 14. woge 1o disposed o
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Each septic tank is*designed for one W. C. and one urinal, which
are supposed to serve five users a day at the rate of 15 gallons a head.
Providing for 24 hours storage the capacity of the tank is taken at
150 gallons equivalent to 4 x 1}’ x4'. Sewage is led through a vertical
pipe into the first chamber where it breaks up and a baffle wall divides
the tank into two chambers. The effluent collects in the second
chamber whence it is*led through a system of dry brick drains nearly
four feet under ground, 15 feet in length for each user. The installation
at Sibi has given no trouble.whatever in the first year of working.

56. Domestic hot water installation.—Officers bungalows at
Quetta are equipped with hot water installation. The apparatus con-
sists of a small boiler, a cylinder for storage of water and a closed
circuit distribution system. (see sketch).

o, §I3TERW

OVER FLow  —itod e MATHS SUPFLY ; Z
* %, . : v
VENT PIPE —— LE Ty‘ }
i
GOLD FEED & t I ! ‘
EXPAMSION et . g, T,., | ~DISTRIBUTION
A A CIROUT
GYLINDER~ I ("
PRIMARY FLOW s FULLWAY .
PIPE 4 WALVE 7a
SAFETY ‘
MY ‘} RETURN PIPE !
BOILER——2 X
G

The capacity of the cylinders has been calculated on the following
basis—

Bath . .. 15 gallons each.

Wash-hand basin (private) .. 3 ,, .5
- ,» (public) .. 10 ’

Sink . .. 10 ) s

On the above basis, the boiler rating on normal-firing is 1,000
B. T. U. per gallon of cylinder capacity. The boilers are designed for a
steam pressure of 100 1b. per square inch and the supply of hot water
at taps to be at a temperature of 150° F., one hour after each boiler
is lit.

The capacity of the cold water storage cistern is more than 50
per cent of the size of the cylinder plus 25 gallons for each W. C. or
urinal cistern. The apparatus is manufactured by the Ideal Radiator

Co., Hull, England.
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CHAPTER IX

Minor Engineering points of interest, economies,
plinth areas and costs

57. Major points of engineering interest have been dealt with in
previous chapters, but many minor devices have been introduced,
mainly as remedies to defects in earlier designs. For example, a frame-
less courtyard door which is proof against the heaviest battering by
wind, flexible verandah posts, fireplaces for quarters and kitchens
ranging from officers’ bungalows to menials quarters, new types for
doors, hollow brick and clay covering insulation for R. C. C. slab roofs
of buildings in hot areas (Sibi) and numerous other devices, drawings
of some of which are on Plate No. 13. In the case of R.C. C. slab
roofs at Sibi, the hollows in the bricks (specially mouled at the rather
high rate of Rs. 30 a thousand) act as tunnels to carry away any sun
heat which penetrates the five inches thick top layer of mud and mud
plaster. 'T'o keep out birds and vermin, there is a layer of wire gauze
over the open ends. The experiment of closing the ends was tried and
showed that circulation through the brick tunnels is preferable. To
complete the installation there should be a layer of mud plaster
between the hollow bricks and the R.C.C. slab. The surface is
finished with three coats of whitewash.

~ The striving after economy has been continuous. The most
important step has been the use of controlled methods of proportion-
ing cement concrete and mortar, which has resulted in a nett saving
(after deducting the extra cost of grading and testing aggregates) of
about Rs. 25,000 (see Chapter 6). Less scientific, but more remuner-
ative, has been the invention and extensive use of the type of construc-
tion called “semi-permanent” (see Chapter 7). Under this head alone
the saving compared with the cost of permanent quarters has been
about Rs. 2,00,000. Other economies comprise (1) purchase of 70 lacs
of salvaged bricks from ruins of Quetta City (representing a saving of
about Rs. 49,000), (2) Rs. 1,03,000 by reconditioning and re-use of
salvaged railway materials, including roughly 90 lacs of old bricks,
about two thousand -old doors and windows, and great quantities of
old corrugated iron sheets, beams, &c., (3) use of about 700 tons of
steel joists sections which had been lying for many years in the Lahore
Stores, scrap wagon channels and railway carriage floor sheeting, (as
roofing materials) as well as lesser items (such as brick-bats from the

ruins used for flooring concrete and soling roads) and careful control
of scrap wood and steel for auctioning.

58. In designing the Police barracks for Mast
g ung Road and
glhaman, and the b1111arc1 room for the European Institu%e at Quetta,
t: .spanhwas made to suit the roof trusses of the old Quetta Railway
station thus enabling about twenty salvaged timber roof trusses to be
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re-used intact. The 1parcel office tonga sheds, and the bullock stables,
at Quetta are steel frame buildings designed to utilize scrap and
salvaged steel beams and channels. The total value of all these econo-
mies is about Rs. 4,00,000, the balance of savings on the project being
attributable to the retention' of (in place of rebuilding) unshaken
worksho_ps, tank stagings, loco. sheds and other buildings near the
boundaries of the danger area by strapping them with rails and tie
rods, replacing unsafe mud masonry verandahs by framed types, re-
moving excrescences, gnd coriverting doors to open outwards. The
pin hinge devised for swivel doors (for use where gauze doors are pro-
vided as well as ordinary doors) is shown in Plate No. 13.

59. Plinth and Room Aréas.—In the early days of the project
diagrams and tables were received from the Central Committee com-
paring room areas adopted by various Government Departments and
corresponding scales of pay of occupants. From a study of these it was
apparent that in the higher paid subordinate categories the North
Western Railway standard types were in many cases more capacious
than those of other departments. In designing the quarters for Quetta
Reconstruction the room- areas were reduced to those recommended
by the Central Committee, the ‘“Reconstruction” percentages of main
room areas compared with North Western Railway types being 71
per cent, 76 per cent, 99 per cent, 80 per cent for types Q.32, Q.30,
Q.28, Q.27 respectively. In menials quarters the North Western
Railway types were less in area than the Central Committee recommens=
dations. For the cool areas type this defect was overcome by the simple
expedient of joining the small kitchen to the main room, an arrange-
ment convenient and economical for occupants, particularly in winter.
For hot areas the main room was enlarged by 20 square feet.

At Sibi, (a very hot area indeed) room areas adopted are those
standard on the North Western Railway. They are more capacious
than the cool area types to the extent of the percentages already given
and are also from one foot to two feet higher. Great attention has been
paid in Sibi Reconstruction to heat insulation, the only possible com-
pensating economies having been extensive use of salvaged_ doors,
windows, roof timbers, &c. The line diagrams on Plate 11 give at a
glance the main room, side room, court yard and plinth, areas of
representatives “Reconstruction” types for both cool and hot areas.

Types of officers’ bungalows closely follow the rgcommendatmns
of the Central Committee, including provision of laid-on hot water
and (as in the case of all quarters, for staff on pay of Rs. 100 p. m. and
above and on Rs. 65 in the hospital area) flush system sanitation
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The following table gives the Plinth and room areas in comparison
with standard North Western Railway types and shows how the overall
dimensions have been reduced with small loss in room areas.

Assistans Divisional Ofticers

Divisional Officers
Quetta ‘ Standard . Quetta Standard
Reconstruction N.W.R. Reconstruction N. W. R.
Plinth area .. 3029 5612 2582 2939
Main rooms 1561 1821 1220 1036
Side rooms 941 1541 895 770
Verandahs o 98 1303 28 521

60. Costs.—Apart from the figures already given for the probable
final cost of the project (Rs. 76,00,000) of particular interest are
representative figures of plinth area rates for various types of buildings.
Costs comparable with “katcha—pucca” methods of constructions
standard in the plains cannot be expected for bricks in cement,
concrete reinforced, earthquake resisting, buildings constructed in a
relatively remote and undeveloped district such as Baluchistan. The
higher figures show the price paid for use of structural frames and
expensive methods of construction (including for example new wood
for roof lagging, concrete verandah frames, items of work priced high
in the schedule of rates, &c., &c.) during the first two years of the
project. The lower figures show the effects of economical design and
extensive use of salvaged and second-hand material during the latter
years of the project.

Cost of Esrthquake Resisting Railway Buildings at Quetta.

Average P.A.
Type of quarters and | P. A. in | Average | rate per Remarks
description S. ft. cost S. ft.
] i Rs. a. p.
Q. 26 (menials) R. C. CJ 203 1114 |5 7 6
framed. ]
Q. 27 (Junior subordinates)] 599 3628 |6 1 0 ?For R.C.C. framed quar-
R.C.C. framed. { ters built during 1936-7.
Q. 30 (senior subordinates) 1225 6893 | 510 0fJ :
R.C. C. framed.

manent.

) Act .P.
Q. 28 (senior subordinates) 629 1817 214 3 ele Jop 8.7  Jmests

Q. 26 (menials) Semi-per] 112 246 |2 3 3
} built during 1936-7.

Semi-permanent. J
Q. 26-A (Artisans) Semi-| 406 1281 |3 2 6|} Actuals for S.P. quarters
permanent. built during 1937-8.
Q.27 Semi-permanent .. 435 1479 |3 6 6
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Type of quartersand | Average PA.
description P. A. in| Average| rate per Remarks
S. fe, cost 8. fe.
* . Rs. a. p.
D. O.’s bungalows, R.C.C.| 3039 | 16571 |5 7 oD
framed.
A. D. O/s bungalows (E) 2514 | 14170 |5 10 ¢
R. C. C, framed. -
A. D. O.)s bungalows (N)| 2502*} 14270 | 5 11 ¢] %1938- 0 .
R.C. C. framed. * 1 ﬁgurtg. pgem. Ao
Railway Station R. C. C. ot .. 7 15 0
framed. *
D. 8. Office R. C. C. framed; .. ey 6 5 0

Kolpur (cool area types)

Unframed (light banded)—

Q.26 . L 182 708 | 314 3 " Actuals for quarters built
during 1938-9. Q. 28
Q.26-A .. . 404 1523 | 3 12 3|+ type Qquarters new wood
has been used in roofs.
Q.28 - Lo 1127 5089 |4 8§ 3

Railway Reconstruction
Quarters built at Sibi
(hot area types)

(Light banded with thick

walls}—

Q. 26 sleeper roofs .. 196 878 (4 8 0

Q. 26-A sleeper roofs ..| 441 1925 |4 6 0O .
Actuals for quarters built

Q. 30 slab roofs .| 1899 8715 | 4 9 6] during 1938-9.

Q. 27 steeper roofs .. 669 3009 14 38 0O

Kishingi (cool area type)

Q. 26 Semi-permanent .. 191 597 |3 2 0 Actuals for S. P. Type
Q. 26 {cool area type)
with J.MLR. frame built
during 1938-9 (tender 5
per cent above).

Spintangi (hot area
type with 2°—6" high
masonry (n  cement
sub-wall).
Q.26 Semi-permanent ..{ 186 609 {3 4 6

t

Note.—Where courtyards exist the costs are added to those of the buildings, but the areas of
courtyards or any other uncovered works are not inchuded 1n plinth arcas.

g % ivi tric, mocdern sanitary
Items such as servants quarters, boundary walls, private reads, electric,

and hot water fittings and branch sewers (which are included in rent statements) are not included
in the above figures of plinth area rates.
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QUETTA RECONSTRUCTION
Designs of Earthquake Proof Buildings, General Principles and Rules,
(Requirements shown in small type were subsequently withdrawn).

1. General.—(2) Symmetry of plan, elevation and foundation loads are of funda-
mental importance.

(b) Mass and rigidity should be as nearly uniform a$ possible.

(c) Excessive length in proportion to width is untesirable. A square or compact
rectangular plan is desirable.

(d) Buildings should be as light as engineering considerations and considerations
of health and comfort permit.

(¢) The centre of gravity should be kept as low as possible.

(f)(i) Adjacent buildings having different natural periods or amplitudes should
be separated by a suffictent distance to prevent their hammering one another.

(ii) When connexions such as passages are used they should be flexible.

(iii) When adjacent buildings cannot be sited sufficiently far apart to prevent
their hammering one another, they must be rigidly interconnected.

(g) Sites should be, as far as possible, on level, homogeneous and firm ground.
Sites near abrupt changes in the surface level or in the strata should be avoided.

2. Foundations.—(a) Foundation pressures are not to exceed 70 per cent of the
safe bearing pressure. )

(b) Foundations must be solid mats for continuous beams or so strongly tied
together that they act as one unit; this includes the footing of columps.

(c) Foundations must be stiff enough to transmit lateral seismic forces in any direction with-
out distortion,

. (d) A reinforced concrete beam-and-slab mat poured integrally is an ideal aseismic founda-
tion. Where the soil is not uniform or where the soil yields excessively under pressure such a
foundation should be used.

(e) As far as possible foundations should be free to move hotizontally on the supporting
sub-soil, It is very desirable that the bottom surfaces of all parts v fthe foundations of one structure
ls)hou]d be o(f the same level. When beam foundations are used the whole foundation area should

e excavated,

3. Superstructure.—(a) Every room which is to be occupied simultaneously by 10 or more
persons and which is 20 feet or more in length or breadth and every dwelling house with a plinth
area of 800 square feet or more is to have a structura] frame of either steel or reinforced concrete.

struc(ctlzrg3 ::xll—ly rlzl;gtding S%lall. h?'e all its parts tied together in such a manner that the
0 seismuc forces as one unit, the connexions bej
to overcome the inertia ot the various parts, ’ inion being otrony ennugh



55

APPENDIX I—(Contd.)

cornices and ornamental details should be avoided as f

ar as
must be firmly attached to the structure so as to form an integral
should generally be of reinforced concrete or of sheet metal or

No. 307

(d) Parapet walls,
possible. If used they
part of it. Chimneys
cement ashestos.

(e) It is desirable that ipternal partition walls should meet at a common vertical,

(£) Doors and windows should be kept away fi 5
a1 Sonh o o gindows el D ay from corner columns; they should be so arranged

An opening for a dbor or window will necessitate special reinforcement around it.

(g) At all floor and roof levels horizont:
by beams afd diagonal bracing or slabs.

al rigidity must be ensured cither by partition walls or

_ (b)(i) Brick work or unit masonry is to be adequately reinforced horizontally, the
reinforcement being firmly fixed to vertical columns or end walls at both ends.

Specxa} care is necessary to ensure that tension stresses in a vertical plane in excess of those
for which provision has been made, are avoided,

(ii) (Alternatively) walls of brick or unit masonry shall at all floor and roof levels
be adequately tied together longitudinally from outside to outside of the structure by

continuous metal rods or other bonds of continuous strength, and shall be tied to all
intervening partition walls.

Such rods or bonds shall be embedded in one continuous course adequately
fixed to the walls.

(iii) Mortar (in the reinforced joints of reinforced brickwork) is to be of one
cement to three sand. (In other joints it may be as weak as 1: 6).

(iv) Doors should open outwards in rooms which may be occupied by 20 persons
or more. In such cases the door frame is to be on the outside of the wall. (Single doors
should be used wherever possible).

4. Seismic and wind forces.—{a) Every building and every portion of a build-
ing shall be so designed and constructed as to withstand the bending moment due to 2
continuously applied horizontal force in any direction equal to at least 127 per cent of
the weight of the building or portion of the building acting where the weight is located.

(b) The horizontal shear at any level of a building to be designed against, shall be
not less than 124 per cent of the total weight of the building above that level.

(¢) The weight of a building for the purposes of calculating seismic forces shalt be
taken as—

(i) The dead weight of the building and all fixtures, together with,

(i) An allowance for transient live or floor loads equal to one-third of the
equivalent dead floor load which the floor is designed to bear, subject
(except in the case of store-rooms) to a minimum allowance of 20 Ib.
to the square foot.

All transient live or floor loads shail be treated as acting at the level of the
floor on which they are carried or, when not carried on a floor, at the
tevel of the floor immediately below them.

(d) Wind loads, when less than the loads due to the above horizontal seismic forces,
may be neglected.



56

APPENDIX I—(Concld.)

e) In the event of these rules being adopted as the basis of bye-laws applicable
to the public, it will be necessary to lay down rules for use in calculations as regards—

which tensile and compressive strength of panels may be allowed

i) Extent to _streng pa ;
G alculating the rigidity of the building in resisting horizontal forces,

forin c
(ii) End conditions of beams and columns,

(iif) Assumptions that may be made in respect of a resultant horizontal force
equivalent to the horizontal seismic forces as to magnitude and point of

application.

5. Working stresses.—(a) Working stresses under combined vertieal and hori-
zontal forces, including seismic forces, may not exceed those allowed for vertical load
alone by more than the following percentages—

(i) In a steel framework .. .. 50 per cent.

(i) In a reinforced concrete framework .. 25 per cent.

{b) Working stresses for steel shall be those laid down in British Standard Speci-
fication No. 449 of 1932, and all steel, in accordance with clause 2 thereof, shall comply
with British Standard Specification No. 15 of 1930.

(c) When special high tensile steel is used, evidence as to its safe working stresses
must be forthcoming,.

6. Miscellaneous.—(2) The difference in cost between abuilding constructed
to resist seismic forces and a normally constructed building increases rapidly with
height. In Baluchistan’ the value of land is so low that it can rarely be economical to
build a high building,

(b) In single storey building designed against a seismic factor of four feet per
second, the natoral period of oscillation is so low that the possibility of an approxima-
tion to the period of a dangerous earthquake can be neglected.

_(c) There are two aspects of considerable importance from which desigﬂs for
buildings to resist earthquake must be examined.

These are—

(i) The extent to which heat will be transmitted through the walls and roofs.

(i) The extent to which special steps are necessary to prevent excessive echo
and reverberation.

President,

Members.
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Design Data adopted by Mr. G. C. Trehan for Earthquake Resisting
Buildings on Quetta Division with subsequent modifcations.

(a) Superimposed Load.—(i) For sloping roofs, a vertical load of 10 b, per

square foot measured on plan and taken as uniformly distributed over the slope of the
roof. This includes load on account of snow.

(i) For flat roofs, a vertical Idad of 20 to 40 1b. per square foot m d i
and taken as uniformly distributed. PECES 0% easured oh plan

(iii) Fox, fioors, a vertical load of 60 to 100 Ib. per square foot of floor area taken as
aniformly distributed.

(iv) The following table gives the superimposed equivalent dead Joads and wind
load adopted in the later stages of the project.

Superimposed load Wind Columns

Pitched (sheeted) roofs| Nil (allow 10 1b./| See (b) (ii)
" of slope greater than| S. ft.)

20° |

Actual loads.

Pitched (sheeted) roofs| Nil (allow 10 1b./| See (b)(ii) .

of slope less than S. ft.) |

20° J
Flat roofs and slabs .. | 40 1b./S. ft. .. Nil. Weight of work

plus 25 Ib.fS. ft.

(b) Wind loads.—(i) On vertical exposed surfaces normal to the direction of the
wind.

A normal wind force (calculated on the whole area of the exposed surface) of 1 Ib.
per square foot per foot height of the building. This is not tahen in conjunction with
seismic forces.

(ii) On inclined exposed surfaces normal to the direction of the wind,
The normal force has been calculated by the Duchemin’s formula which gives

P N =T H Z Sin‘A WhereP H = the horizontal pressure=30 Ib. | ft.2 and A=the
1 4- Sin *A

inclination of the roof to the horizontal. The total wind force caiculat‘ed in accordance
with the above provision has been assumed to act on the windward side only.

(c) Seismic Forces.—These have been assumed to be due to a maximum ground
acceletation of 4 ft./sec.? or § of acceleration due to gravity. This force has been assum-
ed to act at the centre of gravity of the mass concerned.
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Working Stresses.
A. Steel.—As allowed in the L. C. C. Code of Practice.

Reinforced Brickwork—

i) Bending .. 300 Ib./in.2
éii Direct .. Sin brickwerk .. ..{ 250 Do.
(iii) Shear .. ) « 60 Do.
(iv) Bond between steel and brickwork .. 8 Do.
(v) Modular ratio for steel and brickwork .. 40 Do.

Soil—
(i) Under direct loads .. 10 tons/ft.2

(ii) Under combined direct and seismic forces 0°7 Da.

Brickwork in 1: 3 (later reduced to 1: 4} and 1: 5) cement and sand mortar—

(i) Bending (compression) .. .. 300 Ib.fin2
(ii) Direct (compression) . .. 250 Deo.
(ili) Tension (compression) o .. 60 Do.

Note—In accordance with the Central Reconstruction Committee rules it has
been assumed that the working stresses (as given above) when considering
combined vertical and horizontal forces (including seismic forces) can be
exceeded as shown below—

(i) Steel members 50 per cent.
(1) R. C. members 25 per cent.
(1) R. B. members 25 per cent.

R. C. Concrete.—1: 2: 4 and leaner mixes according to grading and w/c ratio—

(1) Bending (compression) in concrete .. 7501b./in.?
(2) Direct {compression) o .. 600 Do.
(3) Shear in concrete s .. 75 Dao.
(4) Bond between steel and concrete .. 100 Deo.
(5) Modular ratio for steel and concrete .. 18

(6) Tension in concrete - .. Nil

(7) The fixing assumptions for columns were as follows—

B
//}7"3 - &-wﬁ/rnwwmnungqqawcm
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(i) When A, B, C, are connected by R. C. C. transverse heams at floor
level, A, B, C, are fixed 100 per cent

* T and G ara free (pin jointed).
D and E are rigid, but free to deflect with the columns, with which
they form a C. C. frame.

(ii) When A, B, C, are not connected by R. C. C. transverse beams at
floor level, A, B, C, are pin jointed.
]

F, G, are rigid and are rigidly connected by a R.C. C. truss with
strong joints at F and G. D, E, are rigid, being part of a C. C.
frame.
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Instructions for Ream Test of Concrete.

deep is placed centrally on two level knife-

am 8’ long X31" wide x 23" ;
Tiee Jieam e ot hod of loading are.shown in sketch on

edges 7'-6" apart. The details of section and met
the beam testing sheet attached.

The beam is loaded by mears of 2 yoke, (namely, a D H. Rail piece, having two
notches at the ends 2'-6” abart, placed over two 17 diameter s}eel pieces on the
beam) which transmits two single loads equat to ‘W’ each at a distance of 2'-6” from
either support. ' ¢

Before applying the load, the width ‘D> and height ‘h’ are n}easm:ed at the centre
of the beam, the peint of maximum bending moment, where failure is most likely to
occur.

On the centre of the rail is suspended 2 steel tank, graduated in gallons. The load
is applied by gradually filling the tank with water.

After failure the distance ‘¢’ from the bottom of the beam to the bottom of rein-

forcing 4" diameter steel bars is measured. The effective depth of the section is given

by—
d=h—e— %"
The loads carried by the beam at failure are—
1. Weight of R. C. C. beam taken at 160 1b./ft.?
2. External load owing to—
(a) Weight of 1”7 diameter steel pieces+weight of D. H. Rail piece--
weight of steel tank.
(b) Weight of water in the tank.
Stresses due to 1 and 2 are added to give breaking strength, Cp which can be
computed from—
Cp= ¢ W-175 in Ib./sq. inch.
Where o is a co-efficient obtained by considering the stress-deformation curve as a
full parabola which is very nearly the case for ultimate loads for concrete. The table
below gives different values of o for various values of ‘b’ and ‘d.’

deef. degth Valueof .. «
of !Jeams in b=width of beam in inches
inches
3'3 34 35 36 37
18 744 7°24 7°05 6°90 6°71
19 6°70 6753 6°37 6°21 6°05
2°0 6°09 5°92 577 563 594
21 5°55 5°41 526 513 5-01
22 5°08 4°95 481 470 457

Six beams should be cast at a time. Three should be tested af;
- e i t
remaining three after 28 days from the date of casting. Beams shoua;d ek:esg:tn f::rtril :L!B
actual batches and cured in the ordinary way. ©

Beams strengths are reduced by 20 per cent to obtai i
in equivalent cube st X
and cube strengths are reduced by 20 per cent to give equivaler?t cylindercstr:n;:}::gths'
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Specification for Aggregates.

(A) General.®-Agorcgates shall consist of natural sands and gravels or crushed
stone. They shall be hard, strong, and of non-porous nature, durable and shall be clean

and free from all vegetable matter, clay films and other adherent coatings. Weathered
stone is prohibited.

(B) Grading—

(a) 13" Coarse aggregate.~It will be of such a size that—
(1) All shall pass through a 11” ring in all directions.

(2) 30 to 70 per cent shall be retained on a mesh of 3" square measured in
the clear.

{3) 70 to 90 per cent shall be retained on a mesh of 2" square measured in
the clear.

{(4) 100 per cent shall be retained on a sieve having four meshes to the inch.

(5) Its fineness modulus must be between the limits of 7°0 and 7°6.

b) 2" Coarse aggregate~—It will be of such a size that—
E8TeE
(1) All shall pass through a 3" ring in all directions.

(2) 40 to 70 per cent shall be retained on a mesh of 3" square measured in
the clear.

(3) 100 per cent shall be retained on a sieve having four meshes to the inch.

(4) Its fineness modulus must be between the limits of 674 and 6°7.

(c) 3" Coarse aggregate.—It shall be of such a size that—
(1) All shall pass through a }” ring in all directions.

(2) 10 to 30 per cent shall be retained on a mesh of 3" square measured in
the clear.

(3) 30 to 70 per cent shall be retained on a sieve having four meshes to
the inch.

(4) 100 per cent shall be retained on a sieve having eight meshes to the inch.

(5) Its fineness modulus must be hetween the limits of 5°4 and 6°0.

Fine Aggregate.—There will be two sizes of fine aggregates referred to hereafter
as Coarse and Fine Sand.
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(d) Coarse Sand.—1It will be of such a size that—
(1) All shall pass through a mesh of %" square measured jn the clear.

(2) Zero to 15 per cent shall be retained on a sieve having eight meshes to
the inch.

(3) 15 to 45 per cent shall be retained on a sieve having 16 meshes to the
inch.

() 40 to 70 per cent shall be retained on a sievg having 30 meshes to the
mch.

(5) 70 to 90 per cent shall be retained on a sieve having 50 meshes to the
inch.

(6) 95 to 100 per cent shall be retained on a sieve having 100 meshes to the
inch.

(7) Its fineness modulus must be between the limits of 2°2 and 372,

(8) The weight removed by decantation should not be more than three
per cent.

(¢) Fine Sand.—Jt will be of such a size that—

(1) All shall pass through a sieve having eight meshes to the inch.

{2) Zero to 30 per cent shall be retained on a sieve having 16 meshes to the
inch.

(3) 20 to 50 per cent shall be reained on a sieve having 30 meshes to the
inch,

(4) 45 to 80 per cent shall be retained on a sieve having 50 meshes to the
inch.

(5) 95 to 100 per cent shall be retained on a sieve having 100 meshes to the
inch.

(6) Its fineness modulus must be between the limits of 1°6 and 2°6.

{7) The weight removed hy decantation should not be more than three
per cent.

Notes.~—(1) Natural gravels or crushed aggrepates obtained from bammer hy
f « e crushers
and approved type jaw crusher will be acceptec%. It has been found that crushe:ie aggl?egates p:o-
duced by most ordmary jaw crushers are unsuitable.

(2) Natural fine aggregates complying with th ificat; i i

) 0 ¢ specifications can be obtained in Quetta b
screening through a mesh of the size equal to the maximum permissible, but the natural materia};
contains a percentage of excess dirt, which must be removed. ’

also produce samples for test before the date on which tend, i
; 2 enders will be opened. Th le
will be analysed and the Contractor will be informed (on inquiry) whet}(;erptheemateriﬁeissi:ilﬁl;:
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Instructions for Design of Concrete Mixtures.

Dry rodded weight of sand .- .. .. WSpr

Loosely filled weight of sand .. ‘e .o WSy,

Dry rodded weight of ag.gregate - .. WApRr

Loosely filled weight of aggregate (dry) .. .. WA7,

Bulking percentages .. .. . BFS, ECS, B, B, Be

for fite sand, coarse sand, }” aggregate, 3" aggregate and 13" aggregate res-
pectively.

M=fineness modulus required for mixed aggregate=>5"7 for 11" concrete, 535
for 3" concrete, 475 for 1" concrete.

Mjs—=Fineness modulus of the sand.
Ma=Fineness modulus of the aggregate.

r=ratio of volume of sand to sum of volume of sand and aggregate measured
separately.

S.F.=Shrinkage factor.

V(g+s)=volume of mixed dry rodded sand and aggregate.

Vg==Dry rodded volume of sand.

Va=Dry rodded volume of aggregate.

G="Total mixing of water in gallons.

Ve=Volume of cement in cubic feet (30 1b.)

VRrM = Volume of mixed dry rodded sand and aggregate in cubic feet.

WpRr — Wi,
B=—"+
L

% 100==Bulking percentage to be obtaincd separately for sand

and aggregate.

Knowing the fineness modulus of both sand and aggregate, the proportions in
which to mix them can be calculated as follows—

M = r Mg+ (1~1)M,
-
=TT M,—M;

Percentage of aggregate=100 ~r

Take r parts of dry rodded sand=Vg and mix thoroughly with 100 —r
parts of dry rodded aggregate= Vs

Resultmg volume of mixed dry rodded sand and aggregate=VY{s+-a)

S _ V(s+s)
T Vst Va

3 100==percentage of sand.
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s based on minimum cylinder strengths required—
900 Ib. @ 7 days.

. 1350, @28
3” reinforced concrete v - .. J 1,2001b. (4 7 days.
< 1,800, @28 ,
. .. 1,200, @ 7days.
‘ 1,800, @28 ,,

Water.—Quantity i

11" unreinforced concrete

1" reinforced concrete

G=38 gallons for R. C. C. and 10 gallons for plain concrete.
G=A.K. (2Vc+'75VRM). .
A=1"0 always for well graduated sand and aggregate.-
K=a factor depending on the consistency required.
K=1"0 for 1} plain concrete slump up to 2"
=11 for 3" reinforced concrete slump up to 4"
=12 for " reinforced concrete slump up to 6”

Thus we obtain Vpng

Real Mix.=1: Vi
Dry rodded volume of sandz%a X Vpm +S.F.=D.R.S.
100—r

Dry rodded volume of Agg.zm—o— X VpM +5.F=D.RA.

Nominal Mix. 1: D.R'S.: D.R.A.

Loose volume of sand=D.R.S. X 10(1)(—);B5=L.S.

100-{-—BA —LA
10

Loose volume of sand=D.R.A. X

Field Mix. 1: LS: LA.

From the total amount of water G i
: must be deducted the water content in the sand
and aggregates if these are damp. ’ 1 )

fe %ggp(ri)fgﬁg?)ns given are per cubic foot 90 1b. of cement. The unit of cement should

Therefore multiply all quantities of cement, water, sand and aggregate by 11/9.

119 C. ft.: 11/9 L. S.: 11/9 LA .. .. Water 11/9 (G-content).
=1bag:11/9 LS: 11/9 LA .. .
or } bag: 11/18 LS: 11/18 LA .. S 11’/,18 \

From the volume of fine and c
] oarse aggregate so obtained, the size of boxes shall
be determined. Boxes should be one foot square and depth to suit the volume required.
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- MENIALS & GANGMEN
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NOTES -
§ PRESSURE ON FOUNDS 07 mn,h
T FOUNDATION TO BE OF DROIRARY § CEMENT CONCRETE 1:4: § Nomaag
MIX: 3 BRICK WORK 1% CEMENT MORTAR 1. 4.
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3 ABOVE.
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{4} SUPERSTRUCTURE MASONRY 10 BE OF PUCTA BRICK IN CEMEKT
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(5) AT D0OR LiVEL R.B.BANG 13'19 6 BE PROVIOED, REINFORCED
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R.C.BAND Sx¢

3 FLAT BRICK FLBORING

JUNTS FILLE
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J

35§ AL BAKD
FLOOR

MU0 & MUD PLASTER
TPLaNR
1rix) FLAT BARS
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' z
3
3
2
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2
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ETAILOF R

CEMENT MORTAR |. 41

REINFORCED WHa ROBSY B!A OVER LAPPING 2FL AT JURLTIONS AND
CORNERS, AND‘ DiA: ROD BHD'?S 24A0A8Y.

MORTAR } 45 WiTHOUT RUNFORCEMilﬂ
WITH 2 FLAY BARS ll‘.

AS 10 NDTE 3 ABOVE.

{7)FLODRING THAGUGHOUT 2 SKINGLE AND GEMENT DVER & CEMENT
CONGRETE | 4-8 . .

(BIROUFING T0 BE OF 7 CHANNELS 853 UNDER 314 BATTENS,

(SHINTERNAL WALLS OF ALL ROOMS TO BE CEMEMT PLASTERES():S)
AND WHITE WASHED,

(9 ALL DDORS 70 OPEN GUTWARDS
AN{ LATRINE DOORS,.COURY YARD DOORS.

(INFROGS OF BRICKS SWALL BE L&D UPWARDS.

UAIDEPTH OF FOUNDS AND NEIGHT OF PLINTH TO BE DETERMINLD
BY THE DIVISIONAL ENGINEER ON THE SPOT

45) FOR OETAILS OF Lol Bvkies
(i} RODFIRG A5 SKOWN ON THIS DRAWING
44 RITCHEN FIRE PLACE ... ___ SEE DRAWING | N'GED/XFP4! |5809
L) A C.5SINK 8 ORAINING BOARD___ .5, . [N QED/SDR {1578}
(AMEAT SAFE ... ... . primre. fee o} 03

v COURT YARD WALL ARD FRAMELESS DOOR. |M:QED/24/4{ 15810

{5) VERANDAR WiTH EAST OR WEST ASPECTS WiLiL BE PROVIDLD.
WITR TRELLIS WORK.

() 25 % 0iA ROBS Y RUN AS CONTINUQUS BAND ON ALL WALLS 0F
SIDE ROCAS AT DOOR LEVEL AND T TURN 2F7 Ik70 THE R.8 Basd
OF MAIN WALLS AT JUNCTIONS.

{18) ALL EXTERNSL WALL JOINTS 70 BE STRUCK FLUSH WaiLE
MASONRY PREGRESSES.

3 DNE UWIT SERVANT QUARTERS EQ TYPE Q-26 PUTT.
MW R RQE.PLAN NLI5197/R1 TO BL PROVIDED, With EACK LT OF
s 1YPE,

ROMUES GIVEN FOR MORTARRGONGREYE ARE NOMIKAL.

(20 MGD COVERING OF ROOFS TO BF RAMMEG{ PHASKA),
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7 SHINGLE BG CEMENT OVER 4 LIME CONCRETE:

"

€ BRICK MASONRY W CEMENY 116

"

3 PLAT BRICK $LOOR OVER 3 LIME CONCRETE:

CEMENT CONCREYE §:4:8

(L T - ooy

PLATE Ng
N.W.R EQ TYPE 27(GHAT)

3 SEMI - PERMANENT
JUNIDR SUBORDINATE GQUARTERS]
. .IN COOL AREAS

NOTES :—

1. WALLS OF FULL SLEEPERS WITH EV.DS SAWN SQUARE.

2. COURT YARD WALLS OF SECOMD WAND C.i.SHEETS OM TIMBER FRAME
OR OF U.5.SLEEPERS WHICH EVER AvA:LABLE.

3. ALL WOOD WORK TOUCHING THE GROUNS T0 BE DIPPED IN TAR.

4. FLOOR OF FLAT BRICKS OVER 3 LIME CONCRETE.

S.INTERIOR TO BE MUD PLASTERED AND WHITE WASHED.

6. ALL DOORS T0 OPEN QUTWARDS.

T WALLS DF KITCHEN T0 BE FUGCA BRICK !N CEMEMT MORTAR ! 6

8 JDINTS OF SLEEPERS(MALF LAPPED OR PLAIN} 70 8 CAULKED WITH
HOT MIXTURE OF SARD AHO BITUNMEN.

9 RA'L WILL BE DRILLED THROUGH THE WER AT 4 FT INTERVALS AND
BATTENS TO BE B0LTED EALH SiDE TO FROM AN ATTACHNMENT
FOR THE ROOF,

. RODF 70 & NEW C.1. SHEETS 22 .G.UVER HALF SAWN SLEEFERS

B. CORNERS TO BE STRENGTHENED BY METAL STRAPS.

70
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- (a) Original descriptions of railway works and
India and elsewhere.

(..) Reprints of abstracts of rﬂporls received b
subjects connected with mﬂm : :

‘A complete list of the papc-s can be obtained gr -fmm . WC
Smndatdlmtmn, Central Standards Dffice for Rallways, New Delh?,

- The books 271 papers can be bought f;mn the Manzgex: of
'drhls Agents :

i 201—8~" 4.1-41—EIR,

Skt




	Copy_of_0000_1
	Copy_of_0001_1
	Copy_of_0002_1
	Copy_of_0003_0
	Copy_of_0003_1
	Copy_of_0004_0
	Copy_of_0004_1
	Copy_of_0005_0
	Copy_of_0005_1
	Copy_of_0006_0
	Copy_of_0006_1
	Copy_of_0007_0
	Copy_of_0007_1
	Copy_of_0008_0
	Copy_of_0008_1
	Copy_of_0009_0
	Copy_of_0009_1
	Copy_of_0010_0
	Copy_of_0010_1
	Copy_of_0011_0
	Copy_of_0011_1
	Copy_of_0012_0
	Copy_of_0012_1
	Copy_of_0013_0
	Copy_of_0013_1
	Copy_of_0014_0
	Copy_of_0014_1
	Copy_of_0015_0
	Copy_of_0015_1
	Copy_of_0016_0
	Copy_of_0016_1
	Copy_of_0017_0
	Copy_of_0017_1
	Copy_of_0018_0
	Copy_of_0018_1
	Copy_of_0019_0
	Copy_of_0019_1
	Copy_of_0020_0
	Copy_of_0020_1
	Copy_of_0021_0
	Copy_of_0021_1
	Copy_of_0022_0
	Copy_of_0022_1
	Copy_of_0023_0
	Copy_of_0023_1
	Copy_of_0024_0
	Copy_of_0024_1
	Copy_of_0025_0
	Copy_of_0025_1
	Copy_of_0026_0
	Copy_of_0026_1
	Copy_of_0027_0
	Copy_of_0027_1
	Copy_of_0028_0
	Copy_of_0028_1
	Copy_of_0029_0
	Copy_of_0029_1
	Copy_of_0030_0
	Copy_of_0030_1
	Copy_of_0031_0
	Copy_of_0031_1
	Copy_of_0032_0
	Copy_of_0032_1
	Copy_of_0033_0
	Copy_of_0033_1
	Copy_of_0034_0
	Copy_of_0035_0
	Copy_of_0036_0
	Copy_of_0037_0
	Copy_of_0040_0
	Copy_of_0041_0
	Copy_of_0042_0
	Copy_of_0043_0
	Copy_of_0044_0
	Copy_of_0045_0
	Copy_of_0046_0
	Copy_of_0047_0
	Copy_of_0048_0
	Copy_of_0049_0
	Copy_of_0050_0
	Copy_of_0051_0

